Introduction
Amyotrophic lateral sclerosis (ALS) is a fatal motor neuron disease (MND) characterized by degenerative changes to upper and lower motor neurons [1, 2] . Patients experience signs and symptoms of progressive muscle atrophy and weakness, increased fatigue and problems with swallowing, which typically lead to respiratory failure and death [1, 2] . Progressive functional deficits lead to an overall loss of independence [3] . Median survival is 2-4 years from onset [4, 5] ; only 5-10% of patients survive beyond 10 years [4] .
Although ALS is relatively rare, the personal, societal and economic burden is substantial [6, 7] . Therefore, un-derstanding the size and age distribution of the ALS population will assist in evaluating the extent to which new drug therapies and clinical interventions may improve overall quality of life and increase life expectancy among affected patients. Studies of the epidemiology of ALS are numerous, and incidence and prevalence rates vary widely. It is important to understand the strengths and limitations of the literature and, by doing so, attempt to account for the geographic and demographic diversity of the global ALS population. However, current global epidemiological data are not available in the literature. The most recent systematic review, published in 2009, evaluated the incidence and prevalence of ALS in Canada [8] ; the most recent worldwide review was published 5 years ago [9] . Seminal papers include those published by Chancellor and Warlow [10] and Román [11] . Our objective is to provide an updated and comprehensive review of the descriptive epidemiology of ALS, with an emphasis on incidence and prevalence of the disease.
Methods

MEDLINE (via PubMed
and EMBASE were searched for articles in the English language published between January 1995 and November 2011. Only population-based, observational studies reporting quantitative data on ALS incidence and/or prevalence were selected for further review. Systematic reviews of observational studies describing the epidemiology of ALS were also considered if they were published in 2008 or later. Because the homogeneity of diagnostic criteria is essential for meaningful comparisons among different studies, studies conducted before the publication of the El Escorial criteria (EEC, i.e. before 1995) were excluded from the search. Information from multiple publications on the same patient population was pooled to avoid double counting, and the article reporting the most up-to-date information was used as the primary study for data extraction. Search results from EMBASE and MEDLINE were combined, and duplicate articles were removed.
Study-specific information extracted from each article included the following: study design (prospective or retrospective), site(s) or location(s), time period(s), catchment area population size, data collection method and data sources. After a thorough review of the relevant articles, 4 data collection methods were identified: (1) medical record reviews, (2) ALS registries, (3) surveys and (4) databases. These mutually exclusive categories adequately accounted for the different data collection methods represented and left no uncertainty with regard to category assignment. The key distinction between a registry and a database is that the former is designed for a predetermined clinical or research purpose, and information about individual patients is collected in a systematic and comprehensive way [12] . By contrast, health-related databases are not designed for research purposes, although they can be used for research [12] . In this report, nearly every ALS registry used at least 1 health system database (e.g. hospital discharge data, death certificates) as a source of patient information. Importantly, for each collection method, any number of contributing data sources could have been used (as appropriate), and in this case data sources were not mutually exclusive for data collection method categories. Examples of contributing data sources included hospital discharge records, death certificates and government records, as well as records from neurology departments and clinics, ALS centers and rehabilitation facilities.
Patient-related information extracted included sample size, age (mean or median, range) and gender distributions, age of symptom onset and/or ALS diagnosis (mean or median), and mean duration between onset and diagnosis. Details regarding the ALS case ascertainment methods were summarized qualitatively. Important aspects of case ascertainment included diagnostic criteria, age thresholds, other documentation of clinical signs and symptoms, and whether other confirmatory testing and/or examinations were performed.
For each article, the following information for ALS incidence and prevalence was extracted: number of incident and prevalent cases identified, overall crude incidence and prevalence, and the denominator used to calculate these rates. For standardized and/ or age-and gender-adjusted rates, the year and population used were recorded. For studies that evaluated incidence and prevalence among different strata of the population or study period, the age groups and time periods were examined and the results for each were also extracted.
Using the reported crude incidence and prevalence, we calculated the median and interquartile range (IQR) for incidence and prevalence in Europe, North America (i.e. USA and Canada), Asia and the Pacific region. Using these statistics, we estimated the number of ALS cases in these regions by applying their respective population estimates for 2010 obtained online from the Population Division of the Department of Economic and Social Affairs at the United Nations (http://esa.un.org/unpd/wpp/unpp/panel_in-dicators.htm).
Results
In total, 2,219 articles were identified and 492 duplicate articles were removed, leaving 1,727 publications. After applying a priori inclusion and exclusion criteria, 1,572 additional articles were excluded. The most common reasons for article exclusion included the type of study (e.g. animal studies, in vitro studies, clinical trials), type of article (e.g. letters, conference proceedings, editorials), publication date before 1995, publication language other than English, and disease state other than ALS. We retrieved 155 articles and, of these, 118 were excluded for not meeting the inclusion/exclusion criteria after indepth review ( fig. 1 ) . Thus, 37 articles were included in the review. The number of studies by region included 25 in Europe (11 in Italy), 5 in North America, 6 in Asia and the Pacific, and 1 in Uruguay, South America. A comprehensive summary of the key characteristics of the includ-ed studies by region is provided in online supplementary table S1 (for all online supplementary material, see www. karger.com/doi/10.1159/000351153; studies are listed in chronological order according to the index year (i.e. first year data were collected).
There were comparable numbers of prospective (n = 17) [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] and retrospective (n = 20) studies [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] ; study design appeared to be independent of time of study. Study durations ranged from 1 year [15] to 74 years [46] . There was a 34-year study [38] and 4 studies of 20-22 years [22, 26, 33, 41] . Most studies, however, were conducted using 5-year [14, 29, 30, 43, 47, 48] or 10-year intervals [16, 19, 20, 32, 39, 42, 44] . The most frequently used data collection method was medical records review (n = 16) [13, 19, 22, 31-34, 37-40, 42, 44-46, 48] , followed by ALS registries (n = 11) [14, 16-18, 20, 21, 23, 27, 30, 35, 49] , surveys (n = 5) [15, 17, 18, 21, 25, 27-30, 43, 45, 47] and databases (n = 5) [24, 26, 36, 41, 47] . Most of the studies that used the medical records review approach were retrospective (81%); by contrast, most of the studies using ALS registries were prospective (70%).
For each mode of data collection, and with few exceptions, multiple contributing data sources were used to identify ALS cases; 5 studies used only 1 data source [13, 24, 34, 36, 46] ; 4 studies used 8 or more sources [28, 44, 48, 49] . Most studies (68%) used between 2 and 6 different contributing data sources, and most of these were retrospective in design. The study by Logroscino et al. [49] is not included in many of the results presented below because the study design was sufficiently different from the others in that data were collected prospectively from 6 ALS registries in 4 European countries (England, Ireland, Italy and Scotland).
Overall, the most commonly used data sources were hospital discharge data, MND associations and neurology departments, each accounting for 12% of the total. Information collected from hospital and/or emergency department records, death certificates and other clinics each accounted for 11% of the sources. The type and number of data sources differed depending on the data collection method. For example, for medical record reviews, information from hospital and emergency department records was the most commonly used source; for ALS registries, information from MND associations was most often used. In Logroscino et al. [49] , each ALS registry used multiple sources of information to ensure complete case ascertainment; however, details regarding the nature of these sources were not provided.
The majority of included studies reported the mean or median age of disease onset, mean or median age at ALS diagnosis, and mean time interval between onset and diagnosis. Among studies reporting this data, the mean ± standard deviation (SD) age for ALS disease onset was 61.8 ± 3.8 years (range 54-67); mean ± SD age for ALS diagnosis was 64.4 ± 2.9 years (range [58] [59] [60] [61] [62] [63] [64] [65] [66] [67] [68] . The mean ± SD diagnostic delay was 12.6 ± 2.6 months (range 8.6-16.8). In Logroscino et al. [49] , the median age at diagnosis was 65.2 (IQR 56.0-72.2) years. The mean ± SD time from symptom onset to diagnosis was 371 ± 372 days (12.2 ± 12.2 months) [49] .
Of the 37 included studies, 35 (95%) reported incidence rates. In Europe, crude incidence estimates ranged from 0.5/100,000 population in Belgrade, Yugoslavia (Serbia since 1991) [31] to 3.6/100,000 individuals in the Faroe Islands [22] . Incidence rates in Canada [15] and the USA [25, 46] were similar; rates in China [36, 37] were lower than those in Japan [29, 43] or New Zealand [26] ( fig. 2 ) . Online supplementary table S2 shows incidence rates and 95% confidence intervals (CIs) for those studies reporting it. The study by Logroscino et al. [49] is not included in this figure (and other calculations); however, as mentioned above, the incidence rate was 2.7/100,000 person years. In general, incidence rates were higher for the prospective (median 2.39, IQR 2.15-2.68) versus retrospective (median 1.52, IQR 1.22-2.04) studies.
Of the 37 studies included, 20 (54%) reported prevalence. In Europe, crude prevalence ranged from 1.1/100,000 population in Yugoslavia [31] to 8.2/100,000 individuals in the Faroe Islands [22] , although values for the Netherlands [21] and 2 regions in Italy [16, 20] were also among the highest in Europe, at about 8.0/100,000 population each ( fig. 3 ) . Online supplementary table S2 shows prevalence values and 95% CIs for those studies reporting it. In other regions, prevalence ranged from 1.0/100,000 in China [37] to 11.3/100,000 population in Japan [43] . In general, and excluding the Japanese study as an outlier [43] , prevalence estimates from prospective studies were higher (median 7.89, IQR 6.25-7.98) than estimates from retrospective studies (median 4.04, IQR 3.92-4.70). For both incidence and prevalence, there did not appear to be a strong relationship between reported rates and the data collection method or number of contributing data sources.
We used crude incidence and prevalence to calculate the medians and IQRs for all of the studies combined and for different regions, including Europe, North America (i.e. USA and Canada) and Asia. In figure 4 , summary statistics for incidence and prevalence are shown for all of the studies combined, the European studies and the Italian studies, as well as by prospective or retrospective design. For all studies combined (n = 34), the median incidence rate was 1.90 (IQR 1.37-2.40); values were higher in the prospective (median 2.26, IQR 1.80-2.60) versus retrospective (median 1.50, IQR 0.92-2.00) studies. Owing to the large number of European studies (n = 24), the summary statistics for this region were comparable to those calculated for all included studies ( fig. 4 ) . The subset of Italian studies (n = 10) showed the least interstudy variability. For prevalence, the overall median was 4.48 (IQR 3.03-6.70) for 20 combined studies. As with incidence, values were also higher among the prospective studies (median 7.10, IQR 5.88-7.97) versus retrospective studies (median 3.89, IQR 2.58-4.27); however, the interstudy variability was larger ( fig. 4 ) , which is probably due, at least in part, to the higher prevalence in the study from Japan [43] . Indeed, much of this variability was removed in the subset of European studies (n = 13) and even more so in the Italian studies (n = 4).
Using these statistics, we estimated the number of ALS cases in these regions by applying their respective population estimates for 2010 as the multiplier. In Europe, the estimated number of incident cases was about 15,400; prevalent cases were about 40,000 ( table 1 ) . Case estimates were similar for Asia, where incident cases were estimated to be about 15,000 and prevalent cases totaled 45,000. By contrast, incident case estimates for the USA and Canada were lower (5,432 and 762, respectively), probably due to the small number of studies and smaller overall populations. Only 2 US studies evaluated prevalence, and the resulting prevalent cases estimate was about 10,500 ( table 1 ) .
A total of 21 of the 35 studies that evaluated incidence also described changes in incidence during the course of the study. Study durations ranged from 3 years [27] to 74 years [46] . As the duration of the study increased, the number and size of the time intervals varied substantially. In most of the longer-term studies, the entire study duration was divided into 2 periods covering longer intervals. Overall, 12 of 21 (57%) studies reported stable incidence rates over time [14, 16, 19, 22, 27, 32, 34, 35, 39, 41, 44, 46] ; 5 reported increases in rates [20, 26, 33, 38, 40] , and 4 reported highly variable rates over time [13, 24, 29, 42] ; 2 studies evaluated changes in incidence over time but compared an updated 1-year [15] or 5-year analysis [43] with previous publications excluded from the review (as older, related studies).
When incidence and prevalence were plotted as a function of the study duration (range 1-22 years), a clear trend was not apparent ( fig. 5 a) ; 2 temporal outliers, a 34-year study [38] and a 74-year study [46] , were not included in figure 5 ; however, incidence rates (1.6 and 1.7/100,000 population, respectively) were comparable with other charted values. Overall, the interstudy variation was notably smaller for incidence than for prevalence. When incidence and prevalence rates were plotted as a function of the latest year of data collection, there was a trend toward a slight increase in incidence and prevalence during the 20-year period between 1989 and 2009 ( fig. 5 b) .
Temporal trends were also evaluated by looking specifically at the relationship between study date(s) and publication of the EEC for the diagnosis of ALS, which were used by the majority of the studies to identify ALS cases from the data sources. The EEC were introduced in 1994 [50] and revised in 2000 [51] . For the 6 studies conducted before 1994, the median incidence was 1.2 (IQR 0.6-1.4); the corresponding value for prevalence was 2.5 (IQR 1.0-4.3). For the 12 studies that spanned the publication dates, median incidence was 2.0 (IQR 1.6-2.5) and prevalence was 4.1 (IQR 4.0-6.1). For the 11 studies con- Piemonte, Italy [33] Switzerland [42] Yugoslavia [31] Reggio Emilia, Italy [40] Estonia [39] Scotland [19] Ferrara, Italy [38] Modena, Italy [44] Puglia, Italy [23] Lombardy, Italy [14] Greece [13] Piemonte/Valle D-Aosta, Italy [16] Ireland [27] Padua, Italy [34] Northern Ireland and RoI [18] Sweden [35] Reggio Emilia, Italy [32] England/Wales [30] Norway [41] France [24] Faroe Islands [22] Modena, Italy [20] The Netherlands [21] USA [25] Canada [15] China [37] Japan [29] China [36] Japan [43] New Zealand [26] Uruguay [28] Isfahan 
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USA [48] USA [47] China [37] China [36] Japan [43] Uruguay [28] Isfahan 123 ducted after the publication dates, the median incidence was 2.2 (IQR 1.5-2.5) and prevalence was 4.9 (IQR 3.1-7.9). In the study by Logroscino et al. [49] , which was conducted after the first [50] but before the second EEC publication [51] , the mean annual crude incidence rate was 2.7/100,000 person years (95% CI 2.8-3.3).
When incidence and prevalence were plotted as a function of the median age of the population, there was a trend toward increased incidence and prevalence with advancing age ( fig. 6 ). Although Iran [45] was an outlier with a median age of 24 years, incidence (0.4/100,000) and prevalence (1.6/100,000) were consistent with the trend ( fig. 6 ) . Nevertheless, the intercountry variability in incidence and prevalence was still large for both the temporal and age-related comparisons. Finally, there did not appear to be a relationship between incidence and prevalence and the populations used for their calculations (online suppl. fig. S1 ). Overall, 22 studies used the total population [14, 16, 19, 20 [29] . In these studies, the adult population was selected with the rationale that it better represented the population at risk for ALS. Among the 35 studies reporting incidence, 26 (74%) also reported incidence by age cohorts; however, the number of intervals and bin widths for the distributions were varied. Figure 7 is a schematic representation of the age cohorts for which ALS incidence rates peaked during the study, showing the age ranges and the number of studies reporting for each range. For 77% of the studies, ALS incidence peaked between the ages of 60 and 75 years.
Incidence by geographic location (i.e. latitude) is presented in online supplementary figure S2 for Europe and Italy (top panel) and for the other countries in North America, South America (i.e. Uruguay), Asia and the Pacific (i.e. New Zealand; bottom panel). With the exception of New Zealand, there appeared to be a trend for ALS incidence rates to increase in countries with higher latitudes.
Discussion
In this systematic review, we conducted a comprehensive search of the biomedical literature to identify observational studies on the epidemiology of ALS published between 1995 and 2011, particularly those reporting data for incidence and prevalence. More than 1,700 articles were identified; we evaluated 37 studies that met the a priori inclusion/exclusion criteria. Overall, reported incidence and prevalence varied widely. Some studies reported outliers in incidence rates. Low incidence rates reported for Iran [45] and China [36, 37] could be related to the retrospective design and the use of hospital records as the only source of data. By contrast, the high incidence rate reported for the Faroe Islands [22] probably reflects the small population -as reflected by the large confidence interval -and the excellent identification of cases by a single investigator. The higher incidence rate in the Faroe Islands may also be due to a genetic founder effect based on the proximity of the islands to Scandinavia and the history of settlement by the Vikings.
As there were no exclusion criteria relating to country or continent, the variations in rates may be due to true demographic and/or geographic differences as well as other factors not previously considered. Under-ascertainment of cases is another possible explanation, largely related to different sources of data utilized in various studies. Most of the studies were conducted in Europe. Italy was well represented with 11 studies. Two studies were conducted in the southern hemisphere -1 in New Zealand [26] and 1 in Uruguay [28] . The incidence rate in Iran [45] , located in western Asia, was comparable to rates for China [36, 37] , but not Japan [29, 43] .
Prospective and retrospective study designs were comparably represented; incidence and prevalence were generally higher in prospective versus retrospective studies. Data collected prospectively are more accurate than data collected retrospectively in terms of identification of new cases [52, 53] . Moreover, a prospective design allows for the continuous, long-term collection of data to characterize disease progression [13] . By definition, retrospective studies do not have time constraints; thus, numerous data sources can be accessed. The disadvantage is that most retrospective studies are limited by inadequate recorded information [44] . Nevertheless, while higher incidence rates can serve as a proxy for better case ascertainment (i.e. via prospective data collection), low incidence rates may reflect true population differences and are not always indicative of a poorly designed study.
A variety of contributing data sources were used, and most studies used multiple sources, primarily hospital discharge data, hospital and/or emergency department records, neurology departments, and death certificates. In an early systematic review, the types of sources used were far fewer, but the vast majority of ALS cases were identified from neurology departments, hospitals and mortality data [54] . There did not appear to be a relationship between incidence and/or prevalence and the number of data sources used to identify ALS cases. By contrast, when Chancellor and Warlow [10] separated their studies according to the quality of the methodology used, crude incidence rates reflected the likelihood of complete case ascertainment, that is, with a few exceptions, rates were higher in studies that used multiple sources, particularly those that were computerized or based on national statistics. The authors suggested that the best incidence studies are those that use multiple data sources and/or systematic medical documentation systems [10] .
Case ascertainment methods included delineating the catchment area, identifying the population of interest and defining the ALS diagnostic criteria. If the methods are accurate, sensitivity and/or specificity will be increased. Some of the studies assessed incidence and prevalence for an extremely large catchment area (e.g. country level) [35, 37] or multiple catchment areas (e.g. European countries) [49] ; other studies used smaller regions, such as the provinces of Italy [14, 32, 33, 44] and North American states [47] and counties [25, 46, 48] . Compared with the other studies, catchment areas in the 4 US-based studies were small. Both of the incidence studies [25, 46] and 1 prevalence study [48] were conducted at the county level, and 1 prevalence study evaluated ALS cases at the state level (South Carolina) [47] . In general, smaller catchment areas correlate with better case ascertainment [53] ; however, if the area is too small, there is a risk for under-or overestimating incidence owing to the relative rarity of ALS. Overall, the use of different methodologies for case ascertainment, including retrospective versus prospective study design, fewer data sources and smaller catchment area size, may produce under-ascertainment of cases with consequent lower incidence and prevalence rates.
Collectively, data from the included studies showed positive temporal trends with the latest year of data collection; however, no formal correlational analyses were performed. Most of the studies analyzed temporal changes in ALS incidence rates, and the results varied. Nearly 60% found ALS incidence rates to be stable over time; some studies showed increased rates and others showed highly variable rates during the course of the study. Across studies, there was a trend for a gradual increase in incidence and prevalence with the latest year of data collection. In another systematic review, Worms [55] reported a slight increase in ALS incidence from 1.3/100,000 patient years in the 1960s-1970s to 1.9/100,000 patient years in the 1990s, but also noted broad regional differences in temporal changes for both incidence and prevalence.
The majority of studies showed an increase in incidence with age. Some investigators suggest that the aging of the global population contributes to this finding [34, 38] ; others attribute the age-associated increase in incidence rates to other factors [22, 35] . At least 1 study used direct methods to standardize the population to a uniform age distribution, which controls for the potential effects of aging [35] . Most of the included studies reported that ALS incidence rate peaked between the ages of 60 and 75 years, which is consistent with other systematic 126 reviews [10, 11, 55] . In the study by Cima et al. [34] , the annual incidence of ALS peaked later (ages 65-74 years) than it did during a previous study of the same area (ages 44-64 years). In a series of studies in Nova Scotia, Canada, conducted between 1984 and 2003, the age cohort for which ALS incidence rate peaked was the same in each study (i.e. 70-79 years); however, crude rates decreased from about 13.0/100,000 in 1984 to around 10.0/100,000 in 1995 and to approximately 7.0/100,000 in 2003 [15] .
Among the European studies included in this analysis, there appeared to be a trend for ALS incidence rates to increase in countries with higher latitudes. Although the number of studies is small, the finding is consistent with genetic evidence suggesting that the risk for ALS is highest in Scandinavia and follows a north-to-south gradient [56] [57] [58] . Immigration and migration were also cited as contributing factors to changing incidence rates [29, 33, 43] . In a follow-up study to Abhinav et al. [30] , Scott et al. [59] found geographic clustering of ALS in southeast England, with larger than expected numbers of cases in the Greater London area. It appears that the relative risk for ALS is higher in areas of higher population density [60] . In a study conducted 2 decades earlier, Leone et al. [61] reported that population density was also related to a non-random distribution of ALS cases in Turin, Italy.
Overall, our results with regard to temporal and agerelated trends in incidence and prevalence are consistent with the literature published during the past 50 years. Furthermore, as discussed in previous systematic reviews [9] [10] [11] 55] , it is likely that any true intercontinental and intercountry differences in incidence and prevalence are driven primarily by the different demographic compositions of the populations under study. To understand these differences, researchers are using genomic epidemiology with increasing frequency [62] , and several genome-wide association studies of patients with ALS have been published. In isolated and genetically homogeneous populations such as the Finnish [63] and Sardinians [64] , genetics plays a major role in the development of ALS.
Recent genome-wide association studies of Finnish patients with ALS identified a locus on chromosome 9p21 that accounted for more than 40% of familial ALS cases and nearly 25% of all ALS cases [58, 63] . Subsequent studies identified a Finnish haplotype in other European populations [57, 58, 63] and determined that it arose from a single founder mutation [63] . The cause of the chromosome 9p21 mutation was identified as a large, hexanucleotide repeat expansion located within the noncoding portion of C9orf72 [65, 66] . In a follow-up study, the frequency of the expansion was evaluated in 17 regions worldwide, including countries in Europe, ethnic populations in the USA and countries in Asia, Australia, the Middle East and Pacific lslands [56] . Every patient with the expansion also had the Finnish founder haplotype, indicating that the mutation occurred in 1 individual and was disseminated throughout these populations [56] . The mutation frequency was highest in Finland (21%) and followed a north-to-south gradient. The estimated age of the mutation was about 1,500 years, corresponding to 100 generations in Finland, about 80 in Germany, and approximately 60 in Italy [56] . It is possible that genetics plays a part in other, more diverse populations that have yet to be investigated using genome-wide association studies.
Although almost every study analyzed incidence or prevalence by different geographic (country, province, state, county, city), demographic (age, gender), and clinical (site of onset, clinical type) characteristics, only a few studies reported rates for race and/or ethnicity. None of the European studies reported incidence or prevalence by race or ethnicity. Murphy et al. [26] briefly mentioned that the predominant ethnicity of ALS cases was representative of the Canterbury, New Zealand population. For North America, which is probably the most ethnically diverse country evaluated, only 2 studies mentioned ethnicity. In a study by Turabelidze et al. [48] , all of the ALS cases identified in Jefferson county, Missouri (n = 36) were non-Hispanic whites. McGuire et al. [25] reported age-adjusted incidence rates for nonwhite men (0.74/100,000/year, 95% CI 0.00-1.96) and nonwhite women (0.53/100,000/year, 95% CI 0.00-1.91) in western Washington. These rates were notably lower than the ageadjusted rates among white men (2.1/100,000/year, 95% CI 1.3-2.9) and women (1.9/100,000/year, 95% CI 1.1-2.7) [25] .
In a systematic review of the ALS literature between 1966 and 2006, 6 of 61 (10%) evaluable studies, mainly from the USA, evaluated incidence rates stratified by ethnicity [9] . In addition to the study by McGuire et al. [25] , Annegers et al. [67] observed significantly lower MND incidence rates among those of Hispanic ethnicity compared with affected African American and non-Hispanic whites in Harris County, Texas. In 3 other US-based studies, MND mortality rates were significantly lower among nonwhite versus white populations [9] . ALS mortality rates appear to be lowest in highly ethnically 'mixed' populations [68] . Thus, further studies, using sound methodologies, are warranted in countries with different ethnic populations, including Africa and South America.
Since the literature search was conducted in November 2011, a number of other studies on ALS epidemiology have been published, including a number of reviews on the epidemiology of long-term neurological conditions in the UK [69] , the utility of mortality data to estimate the incidence of ALS [70] , and a paper focused on the heterogeneity of the disease and an appraisal of clinical trials [71] . Additional prospective, population-based studies have come out of Italy, including reports for ALS epidemiology in Liguria [72] , Sardinia [73, 74] and Sicily [75] . Incidence rates ranged from 1.33/100,000 (95% CI not reported) [73] to 3.22/100,000 (95% CI 2.66-3.90) [72] , which are consistent with the rates published in the Italian reports included in this review. Kihira et al. [76] published a 5-decade review of the changes in ALS incidence on the Kii Peninsula of Japan; 2 studies were conducted in the USA [77, 78] , and Rabkin et al. [79] compared the use of tracheostomy with invasive ventilation in the USA and Japan.
Despite the large and growing volume of literature on ALS epidemiology, additional large-scale, prospective, population-based studies using standardized diagnostic criteria are warranted. Given the increasing number of ALS registries across Europe, multicountry studies similar to that conducted by Logroscino et al. [49] are certainly feasible. Moreover, there are many European countries for which the epidemiology of ALS has not yet been investigated or are in need of updated estimates, including Spain, Germany and Russia, to name a few. Outside Europe, there is a need for more studies in Asia, as those conducted to date involved relatively small catchment areas. Other important continents and countries include Africa, the Middle East, Australia, Greenland and Iceland. In North America, the epidemiology of ALS in Canada is well described; however, for the USA, there have been only a few studies involving small catchment areas. A nationwide study is clearly warranted.
In 2008, the ALS Registry Act was passed into law, and in 2009 the Agency for Toxic Substance and Disease Registry implemented the National ALS Registry using a 2-pronged approach: (1) to use existing national administrative databases (e.g. Medicare, Medicaid) to identify prevalent cases and (2) to use a secure web portal (www.cdc.gov/als) to capture ALS cases not included in the administrative databases [80] . At this website, ALS patients can self-identify and enroll in the ALS registry and participate in various surveys. The Agency for Toxic Substance and Disease Registry has other surveillance activities underway in a number of smaller geographic areas (i.e. state and metropolitan levels) to obtain timely, population-based estimates of ALS across the USA [80] .
Conclusions
The body of literature on ALS epidemiology is large but limited geographically. Most research has been conducted in Europe. There is wide variability in incidence and prevalence, which is probably due, at least in part, to differences in study design. In some larger regions, including North America, there is a paucity of data from which to derive current case estimates. Additional epidemiological studies that optimize case ascertainment and cover larger catchment areas will help improve our understanding of the global population burden of ALS. Clearly, population demographics contribute to the diversity in ALS epidemiology. Across the globe, the incidence of ALS increases with age, and it is likely that the overall incidence of ALS will increase as the world population ages. Overall, there are no clear indications of a change in the incidence of ALS over time, but long-term studies in the same population and using the same case ascertainment methodology are still lacking. Geographic differences and environmental risk factors have been the subject of study for decades, whereas recent advances in genomic epidemiology will continue to provide a better understanding of genetic risk and susceptibility for this devastating disease.
